Microbe-associated molecular patterns (MAMPs) are recognized by pattern recognition receptors (PRRs) of the innate immune system. Flagellin, the primary component of bacterial flagella, is recognized by membrane TLR5 and cytoplasmic NLRC4 receptors, which promote a vigorous pro-inflammatory response typically associated with bacterial infection.
MAMPs, or pathogen-associated molecular patterns (PAMPs), were originally proposed to be recognized by PRRs on dendritic cells (DCs) in order for the immune system to distinguish self from non-self, and thereby trigger an inflammatory response against pathogens (1) . This concept was later modified to include danger-associated molecular patterns, or DAMPs, which signal tissue injury as a consequence of infection and trauma (2) . Both these views assume that the immune system responds to MAMPs and DAMPs through inflammation to eliminate microbes and injury. However, the recognition of MAMPs can also lead the development of the immune system and symbiosis with microbes. For example, upon recognition by NOD1, peptidoglycans released by the bacterial cell wall induce the formation of hundreds of intestinal lymphoid tissues involved in homeostasis of the host with microbiota (3), and bacterial polysaccharides activate TLR2 and induce the generation of regulatory T cells (Tregs) that prevent inflammation and the rejection of the intestinal symbiont (4) .
In order to assess the impact of a single MAMP on the immune system in the absence of confounding tissue injury provoked by bacterial infection or MAMP injection, we generated a transgenic mouse system that allows for controlled spatial and temporal expression of bacterial flagellin. The fliC coding sequence derived from Salmonella typhimurium was codon-optimized for the mouse genome and inserted into a neutral bacterial artificial chromosome (BAC) devoid of genes, under control of a doxycycline (dox)-inducible tetO 7 promoter (Fig. 1A) . These mice, expressing a cytoplasmic form of flagellin, were crossed to Villin rtTA mice that express the reverse tet transactivator (rtTA) under control of the Villin promoter (5) . Hence, when given dox, the Villin rtTA x cfliC mice expressed flagellin in intestinal epithelial cells, as reported by the expression of the FliC transcript and EGFP ( Fig.   1B ), modelling the presence of bacteria at the mucosal barrier. Even though Villin is expressed in all intestinal epithelial cells (5) , only a fraction of epithelial cells expressed EGFP, possibly reporting only high expressors of flagellin. EGFP expression was not associated with a particular epithelial cell subset (data not shown), and no alteration in apoptosis nor proliferation was detected upon flagellin expression ( fig. S1 ).
Intravenous administration of recombinant flagellin induces an IL-23-mediated type 3 immune response dominated by IL-22 (6, 7) . In accordance with these results, we find that intraperitoneal administration of flagellin induces an expansion of Th17 cells and type 3 innate lymphoid cells (ILC3s), as well as of type 3 regulatory T cells (Tregs) that express the nuclear hormone receptor and transcription factor RORgt (Fig. 1C, fig. S2A ). In contrast, when flagellin expression was induced in Villin rtTA x cfliC mice, a vigorous anti-inflammatory response was generated in the small intestine through the expansion of type 2 Tregs producing IL-10, as well as a comparatively marginal expansion of Th2 cells and ILC2s, which express the transcription factor Gata3 ( Fig. 1D and E, fig. S2B and S2C). Of note, type 2 Tregs are associated with repair responses in the intestine, muscle and adipose tissue (8) (9) (10) . Similar results were obtained using Villin rtTA x sfliC mice that expressed a secreted form of flagellin ( fig. S2D ).
Retinoic acid (RA) is an efficient cofactor in the generation of Tregs (11, 12) , and the type 2 inducer cytokine IL-33 promotes the stability and function of type 2 Tregs (8).
Accordingly, RA was necessary for flagellin-induced expansion of Tregs ( Fig. 2A, fig. S3A ), and the expression of ST2, one of the two chains forming the receptor for IL-33, was increased in flagellin-induced Tregs (Fig. 2B ). Furthermore, the frequency of type 2 Tregs, as well as their level of Gata3 expression, was decreased in the presence of neutralizing antibodies to IL-33 ( Fig. 2B, fig. S3B ). IL-33 is a nuclear protein that is released by epithelial and endothelial cells (13) . The intestinal epithelium of dox-treated Villin rtTA x cfliC mice increased transcript expression for IL-33, as well as for the other type 2 inducer cytokines IL-25 and TSLP (Fig. 2C ). It also increased expression of Aldh1a2 coding for retinaldehyde dehydrogenase 2 (RALDH2) that converts dietary vitamin A into RA, and transcripts for TGFb1, both involved in the generation of Tregs (11) , indicating that flagellin expression by intestinal epithelial cells induces epithelial cells to express several factors promoting the generation of type 2 Tregs. Of note, Aldh1a2 is also expressed by CD103 + dendritic cells ( Fig.   2D ), as previously reported (14) .
In order to assess whether transgenic expression of flagellin in intestinal epithelial cells functionally reflected flagellin produced by intestinal bacteria, we mono-colonized germfree mice with a series of Escherichia coli strains. Mono-colonization of germfree mice with a DflgM mutant of the E. coli strain LF82 (15) , which secretes high levels of flagellin, induced a similar type 2 expression pattern in epithelial cells, whereas the parental strain, or a DfliC mutant that does not express flagellin, failed to do so ( Fig. 2E ). Even though Tregs did not significantly expand in this context, the expansion of Th17 cells was prevented by the expression of flagellin in the parental and DflgM strains ( fig. S3C ). Furthermore, the expression of high levels of flagellin by the DflgM bacteria was associated with more persistent colonization in the intestinal lumen ( Fig. 2F ), suggesting that flagellin can promote host/bacteria symbiosis through prevention of a pro-inflammatory response. This is in contrast with flagellin expression in the context of intestinal infection by Salmonella typhimurium (16) , which induces high levels of IFNg expression by lymphoid cells (17, 18) and leads to significant intestinal damage (19) .
Even though flagellin is expressed as a cytoplasmic protein in Villin rtTA x cfliC mice, flagellin-induced activation of epithelial cells and the expansion of Tregs was dependent on TLR5 ( Fig. 1D and 2C, fig. S2B ), and only marginally dependent on the NLRC4-activated pathway that involves the inflammasome and Caspase-1 ( fig. S3D ). We therefore investigated whether the production of cytokines by epithelial cells expressing flagellin was cell autonomous. Intestinal organoids were grown from intestinal crypts isolated from Villin rtTA x cfliC mice, and treated with dox to induce the expression of flagellin ( Fig. 2G ). Remarkably, the expression pattern of cytokines induced by flagellin in isolated epithelial cells was similar to that induced in vivo. Such cell-autonomous activation of epithelial cells was phenocopied by exogenous provision of flagellin ( Fig. 2H ), suggesting that cytoplasmic flagellin expressed in Villin rtTA x cfliC mice is released by exosomes or dying cells, with subsequent recognition by TLR5.
We next reasoned that recognition of flagellin by epithelial cells, and the subsequent induction of an anti-inflammatory program in the intestine, would make Villin rtTA x cfliC mice more resistant to pathological inflammation. To test this hypothesis, dox-treated Villin rtTA x cfliC mice were fed dextran sodium sulfate (DSS) in the drinking water, a treatment that induces mucus erosion and epithelial injury that results in pathological inflammation in the colon and ileum (20) . In contrast to our expectation, expression of flagellin induced a more severe pathology (Fig. 3A ) characterized by the expansion of Th17 cells and variable expansion of Tregs ( Fig. 3B, fig. S4A ). These observations are in accordance with previous data showing that recognition of flagellin, in the context of infection and injury, induces a pro-inflammatory response (6, 16, 17) . In this context, the expression by epithelial cells of transcripts for type 2 inducer cytokines, as well as of Tgfb1 and Aldh1a2, was blocked, whereas the expression of Il1b was maintained, and the expression of Il18 was increased ( (16, 22) . In dox-treated Villin rtTA x cfliC mice, the expression of flagellin efficiently induced the recruitment of both CD103 + dendritic cells (DCs) and F4/80 + macrophages into the intestinal lamina propria, independently of DSS treatment ( Fig. 4A and B, fig. S5A ). However, the total expression of Il1b and Il18 by intestinal DCs and macrophages from dox-treated Villin rtTA x cfliC mice was increased in the context of DSS treatment ( Fig. 4C ), suggesting that myeloid cells were a significant source of pathogenic IL-18. Thus, as epithelial cells in dox-treated Villin rtTA x cfliC mice expressed high levels of transcripts for the monocyte and macrophage stimulating factor CSF1 ( These data demonstrate that, at the steady state, the expression and recognition of flagellin by epithelial cells lead to an anti-inflammatory response mediated by IL-33dependent Tregs. In contrast, in the context of tissue injury, expression of flagellin lead to a pro-inflammatory and pathogenic response mediated by myeloid cells, IL-18 and Th17 cells.
Thus, the recognition of flagellin by the innate immune system does not determine the nature of the immune response (originally predicted to be primarily pro-inflammatory) (1, 2) . Rather, the recognition of flagellin activates the innate immune system into a way determined by the physiological state of the tissue. In the absence of infection and injury, both the host and its flagellin-expressing microbiota benefit from an anti-inflammatory response. In contrast, infection and injury is countered by a pro-inflammatory response to flagellin and other immunogens. We have previously suggested a similar concept for the generation of microbiota-induced Th17 cells and type 3 (RORgt + ) Tregs in the intestine (12) . The ratio of Th17 versus Tregs cells, i.e. the pro-inflammatory tone of the anti-microbial response, is determined by the level of RA converted from dietary vitamin A by intestinal cells that may reflect the physiologic state of the tissue. More generally, individual microbes may be defined as symbionts or pathogens, not intrinsically, but rather in the context of their interaction with the host's tissues. This distinction is important for our understanding of the immunogenic or tolerogenic properties of microbes and microbial compounds. 
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Materials and Methods
Mice BAC-transgenic transgenic cfliC mice were generated as described previously (23) . The fliC coding sequence derived from Salmonella typhimurium was codon-optimized for the mouse genome and inserted into a "neutral" bacterial artificial chromosome (BAC) (Invitrogen) devoid of genes, carrying 200kb of the genomic region targeted in the transgenic mouse line LC1 (24) . Expression of the fliC coding sequence was controlled by a dox-inducible tetO 7 promoter, and followed by an Ires-EGFP sequence. In sfliC mice, the fliC coding sequence was preceded by a sequence coding for the signal peptide of IL-7. All mice were backcrossed to C57Bl/6 for at least 5 generations. In all experiments, wild-type, Villin rtTA or cfliC single positive transgenic littermates were used as controls. C57BL/6 mice were purchased from Charles River and TLR5-deficient mice were obtained from Shizuo Akira. All mice were kept in specific pathogen-free conditions. Germfree mice were generated from C57BL/6 mice and Bacterial suspensions with an OD 620nm of 2.0 were placed in the water bottles of germ-free C57Bl/6 mice which had been placed in isolated ventilated caging system (Isocage) that prevents exogenous bacterial contamination. Two or 8 weeks later, mice were euthanized, and their organs were collected for downstream analysis.
Cell preparation and culture
Small intestinal and colonic lamina propria cells were isolated as described previously (11, 12) . Briefly, Peyer's Patches were removed, and whole small intestine and colon were opened longitudinally, cut into pieces and incubated for 30 minutes in 30mM EDTA, washed extensively, and incubated for 30 min at least twice in 50-75 µg/ml liberase TL (Roche).
These preparations were then pushed through a 100µm filter to generate single cell suspensions. Cells were separated by a 40/80% (w/v) Percoll (GE Healthcare) density gradient and washed prior to staining for flow cytometry analysis. For isolation of epithelial cells of small intestine, Peyer's patches were removed, and the proximal 1/3 (duodenum) or distal 1/3 (ileum) of small intestine were opened longitudinally, cut into pieces, and incubated for 30 min in DMEM containing 5 mM EDTA with shaking (180 rpm) at 37C. Cells were filtered through a 100 µm filter, and pelleted. RNA was prepared using RNeasy mini kit (Qiagen). For analysis of cytokine production in T cells, cells were cultured for 3 days in round-bottomed 96-well plates coated with anti-CD3 (10 µg/ml) in RPMI 1640 (Invitrogen) containing soluble anti-CD28 (1 µg/ml) and 10% FCS, 25 mM HEPES, 0.05 mM 2mercaptoethanol, and 100 U/ml of penicillin and streptomycin. Cytokine levels in culture supernatants were analysed by ELISA (eBioscience). For organoid formation, intestinal crypts were extracted as previously described (25) . Organoids were treated with ultrapure flagellin or dox 2 days after crypt incubation, and further incubated for 5 days. 
Immunofluorescence histology
Tissues were fixed and stained as previously described (26) . In brief, tissues were washed and fixed overnight at 4°C in 4% paraformaldehyde (Santa Cruz). The samples were then washed For in vivo organoid retrieval studies to track macrophage recruitment, intestinal organoids from Villin rtTA x cfliC were grown as above with and without dox, recovered without dissociation and injected into anesthetized mice with a 22g needle to prevent shearing. After 4 hours, a peritoneal lavage was performed, peritoneal contents spun at 500g and processed for immunofluorescence as above and imaged on a Leica SP8 laser scanning confocal in 3D.
Histopathology
Ileum segments were fixed overnight at 4°C in 4% paraformaldehyde and dehydrated through an ethanol gradient before embedding in paraffin. Tissue blocks were sectioned at 5 micron thickness and stained with Periodic Acid-Schiff with counterstaining to hemotoxylin. Slides were scanned at 20X with a Axio Scan Z1 (Zeiss) and blindly scored for disease activity as based on the following parameters: Inflammatory infiltrate severity (1) (2) (3) (4) and extent (1-3), epithelial cell damage including erosion (1) (2) (3) (4) , ulceration (3) (4) (5) , irregular crypts (4-5), villous blunting (3) (4) (5) and goblet cell depletion (1) (2) (3) (4) , with 5 being the worst score.
Cell death and proliferation
Mice were injected with 50 µl of 10 mM 5-ethynyl-2'-deoxyuridine (EdU, Invitrogen) solution intraperitoneally 1 day before analysis. Incorporation of EdU into proliferating cells was detected by histology with the Click-iT EdU Alexa Fluor 555 Imaging Kit (Invitrogen), according to the manufacturer's protocol.
Quantitative PCR
To isolate RNA from FACS-sorted cells, cells were directly sorted into RLT buffer (Qiagen) supplemented with b2-mercaptoethanol. Total RNA was prepared using RNeasy micro kit (Qiagen) according to the manufacturer's instructions. To prepare RNA from whole tissues, tissues from terminal ileum and proximal colon were homogenized in Trizol using gentleMACS Octo Dissociator (Miltenyi). Chloroform was added, and aqueous phase was separated by centrifugation. RNA is precipitated from the aqueous layer with isopropanol, and further purified using RNeasy mini kit (Qiagen). Concentration and integrity were assessed using the Bioanalyzer (Agilent). cDNA was synthesized by reverse transcription using Superscript IV (Invitrogen). Detection of specific gene expression was performed using RT2 qPCR primers (Qiagen) and SYBR green (Biorad). Gene expression was normalized to Gapdh, Hsp90 and Hprt in each sample.
Statistical analysis
P-values were calculated with unpaired, two-tailed t test or Mann-Whitney test using GraphPad PRISM 6 software. 
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